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FOREWORD

This report presents an extension of the ideas contained in

Appendix III of AFFDL-TR-72-83, Volume .. This effort extends the

formulation given in Appendix III tc compressible flows and accounts for

forces in non-uniform flow. Upwash and sidewash modeling has been

included for the stores and ejector rack adjacent to the store for which

loading calculations are being performed. Comparisons of results with

experimental data are presented. This report covers work performed

between February 1979 and July 1980 by Calvin L. Dyer and Charles B.

Heath (AFWAL/FIGC).
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SECTION I

-NTRODUCTION

This effort extends the FDL Subsonic Store SeparatioA Program by
changing the aerodynamic models for the separating and adjacent stores as

well as the ejcctor rack model. The method presented here iF an

extension of the work described in Appendix III of Reference 1. The
advantage of this approach is that it does not employ the slender body
assumption of the linear form of the boundary condition.

1
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SECTION II

FLOW TANGENCY BOUNDARY CONDITIONS ON THE BODY SURFACE

The coordinate systems used to calculate the source and doublet

strengths and associated velocities, i.e., velocities used in boundary

condition formulation and resultant velocities once the source and

doublet strengths have been determined, are shown in Figure I. The

transformation o" the non-uniform flow-field velocity vector from

cartesian coordinates to cylindrical coordinates is given by

V(x,r,e) = [V(x)cose + W(x)sine + W(x)sine) r + (r)

* [W(x)cose - V(x)sine] e' + U(x)ex

where U(x), V(x) and W(x) are the components of the velocity vector in

"the x,y, and z directions, respectively.

If the body surface is specified by a function

F(x, r, e,) 0 (2)

then the unit normal vector to the body surface is given by

I > grad F
n grad F1 (3)

J F I aF > a F >Where grad F : >r + -e

The perturbation flow field induced by the store body can be characterized

by the perturbation velocity vector •(x, r, e), i.e.,

q (x,r,e) u (x,r,e)er + u (x,r,e)•e + u (x,re)ex (r r e x x(4)

Where u x, u r, and uo are the perturbation velocities in the x, r, and 0

directions (see Figurc 1), t1, n the flow tangency boundary condition is

given by

R =o()

R?2
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where IR (the resultant velocity) is the sum of V, after the transformation

given by Equation 1 has been applied, and >q, given by Equation 4.

Expanding Equation 5 by using Equations 1 and 4 gives

[V (x) cos c + W(x) sin e + u (x,r,e)] IF +r ar

[W(X) cos e V(x) sin e + u8 (x,r,e)] 1 /r ý-- +

tU(X) + u (x,r,a)] - = 0 (6)

on F (x,-r,e)= 0

Equation 6 is the non-linear flow tangency condition for an arbitrary body

iuimmersed in a non-uniform flow-field. We are going to restrict ourselves

to a closed body of revolution from this point on in this report. With

this in mind, the local body radius (r) is a function of x alone. So,

r - R(x)

"which can be rewritten

r - R(x) = 0

and since F (x, r, e) = 0 describes the body shape (7)

r - R(x) = F (x,r,e)
which leads to

a 1 F aF dR(x)9F
_ r a x dx 0

Substituting into the flow tangency condition (Equation 6 yields

ur (x ,r,e) = [U(x) + ux (x, r ,e)] dR(x) V (x)cose-W(x) sin a (8)

on the b(dy surface.

3
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"7he boundary conditions of Equation 8 will be split along the

cartesian axes. This allows the problem to be handled as the super-

position of three separate probl.•ms. The three problems are:

(1) Axisymmetric flow past a body of revolution with the flow field

characterized by velocity U (x). This part of the problem will be

modeled with three-dimensional point sources, hence the subscript s.

u dR(x)
Ur (xr) = ['U(x) + uxs (x r)] dx (9)

on r = R(x).

(2) Lateral flow past the body characterized by velocity V(x).

This part of the problem will be modeled by horizontal doublets and is

denoted by the subscript d,v.

Urd,v (x,re) = x d,, (x,r,e) dR(x) V (x) cGs e (10)

on r = R(x).

(
(3) Vertical flow past the body characterized by velocity W (x).

This part of the problem will be modeled by vertical doublets and is

denoted by the subscript D,W.

- U rdw w(X r e) =Ux (x r,e) dRx) - W(x) sin e (11)

d;Rxx

on r =R(x)

4
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SECTION III

TREATMENT OF COMPRESSIBILITY AND FORMULATION TO
DETERMINE SINGULARITY STRENGTHS

At this point, the present work departs from that of Appendix III
of Reference 1. The approach used to solve for the singularity strength

is to transform the problem to an equivalent incompressible one, deter-

mine the incompressible singularity strengths, and then transform the

resultant flow field back to the compressible case. In Reference 2,

pages 568 through 581, Karamcheti discusses the various aspects of

determining point singularities for incompressible flow past a body of

revolution. The principal transformations used are

X
x , y = y , z' = z (12)

u = u , v' = v ,w =8w

where = --'1/ l (13)

The primes denote incompressible space. The unprimed quantities are in

compressible space (physical space). These transformations are explained

* in Reference 3, pages 5 through 7. By applying these transformations,

we can use the various incompressible velocity formulas given in Appendix

III of Reference 1. In the equations that follow in this section, the

primes have been dropped for convencience, i.e., x in the formulas should

be x' and r = r' = (y)2 + (+')2, but since y' = y and z' = z, the prime on

r is superfluous.

The axisymmetric problem may be modeled by a distribution of three-
dimensional point sources along the store body axis. The incompressillc

velocity components produced by N sources, located on the X axis (Figure 1)

at xi, i=l, N, at a 'field point (x,r) are given by:

n
u I r

x .r) = - 1 31
ri1 x xi) 2 + (14

1 (14)

n x - xi
u (xr)= 1 s

Ux i- x - xi) 2 +r2] 3/2

5
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where the Pi's ave the as yet undetermined source strengths. By

substituting Equation 14 into Equation 9 we get N equations for the N

source strengths, 1si if we can prescribe Ux (x,r) (the perturbation' S

velocity at the N control points).

dR(xk)nR(Xk) - (Xk " xi) ddl PSl k) -( k '(i
4• =l •X) " 2 + R2(Xk 31, (5

4~T 10 - x + R(xkj ~ ~ d (15)

0 <x k . k = 1,2,...n-2
k 4

By using the method described in Reference 4, we can d&cine U(Xk,R) for

the aircraft/store configuration of our choice. Two of the above

equations will be deleted in order to enforce the existence of a

stagnation point at the store nos-. and assure that conservation of

mass is satisfied. By setting xk=O, which implies R(xk)uO, in Equation 15

we force the store nose to become a stagnation point.

in 1is
1 i (16)44• • x - T u(0,0)

* i=l

, The conservation of mass is satisfied by setting the sum of the sources

strengths equal to zero:
n

1 = 0 (17)
i=l i

This allows us to apply Equation 15 at N-2 points along the store body

surface. Experience has shown that spacing the sources proportioned to

the local body ralius and applying Equation 15 at the midpoint between

successive sources gives the best results. If Equation 15 was applied at

midpoint between the N sources, there would be N-1 equations. Again, , L
experience has shown that if we delete the fourth control point upstream

6
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from the point on the body where the maximum radius is first reached,

we get a favorable solution.

The second or sidewash problem is represented by a distribution of

three-dimensional point doublets whose axes are aligned horizontally to

oppose the sidewash, i.e. flow in the y direction in Figure 1. The

incompressible velocity components produced by N doublets located on the

store bodj axis (x axis Figure 1) are given by:

rds V - -1 ,~ v.ur x ,I r " Tý
(,V )1 -X-Xi)2 

+ r2] 3/2
* dn r2

3 c o s e n _d i , v

1 -+ r2 5/2ifl x -xi 8
n •di ),+

(x ,r, ) n sine+
dv4 n d, i1

e' i4l x_xi)2+ r 1 3/2

Xd-. (x ,r ,e ) - 3 c o se n d i v"" x4 T4 7 F . .. %_ ._-'15/2
. (,. i=1 L'•-Xi) " + "

A -Substituting Equations 18 into the boundary conditions given by

"E.uation 10 gives:

= • •-Pdi 9v

4 il [(Xk - xi) 2 + R2(xk (19)
dR(xk)

S 3R(xk) R(x k) - (xk - x.) dx
L((Xk - x1 ) 2 + R2 (Xk)

0 < xk< Zs; k 1,2,...n

7
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When xk denotes the control poirnt location and R(xk) is the body

radius at xk. The doublets' locations and control points are chosen to

be at the midpoint between each source. This will provide N-I locations,

so the Nth doublet and control ."'1nt were arbitrarliy chosen to coincide

with the last source location. Reference 4 is used to determine V(xk).

The third problem, upwash, is solved in the same manner as the

sidewash problem. N vertical doublets are placed on the store body
longitudinal axis. The incompressible velocity components are given by:

n wdi ,w
sin e .- ,urdw 4=1 x - xi) 2  r 2]T

Sn vPd .Wr2

3 sin a d1 ,w
[ l x - xi)2 + r2

(20)
n

u ( x , r ,c) C o s [ d i,w3 / 2
u dwA(x'r'E<: - -3s' 3/2 -

I 4, 1 Lx - x)2 + r2 ] i!

Eq uar(X xi)U x w ( ~ r • ,3 s i 7 , d i s• / '

n

d-- .~fX x1) 1l x 3/2Z+

n -Odi ,w

•-'' i •Xk" xi)2 + R2(Xk)] 3/2

FR(x) " (Xk"x dxel . 3R(Xk)K k 1) -.- - - W(Xk) (1
L 3R(Xk -X Y 2 + R 2 (Xk)

0 0 < x k -< Zs; k - 1,2,...11

The nomenclature for the vertical doublets and con*'ol point locations

is the same as for the horizontal doublets. The method of Reference 4 is

used to calculate W(xk).

8



AFWAL-TR-81-3059

SECTION IV

SELECTION OF PRESSURE-VELOCITY RELATIONSHIP

Once the singularity strengths in Equations 14, 18, and 20 havc

been determined. they can be used to calculate the velocity at any point

on the body surface. The surface velocity can be related to the surface

pressure through various relationships. In Reference 1, the incompressible

Bernoulli equation was used. This restr cted the range of Mach numbers

for which their results would be valid, but it has the nice feature that

the analytical expressions for the circumferential pressure distribution

could be integrated in closed form. In Reference 5 and other places, it

has been found that the isentropic compressible Bernoulli equation relates

theoretical prediction to experimental results better than the theoietically

consistent linear relationship. In order to extend the present method

to compressible speeds and take advantage of this improved correlation

(Reference 5) the isentropic compressible Bernoulli equation was selected

from Reference 6 as the pressure-velocity relationship for this application.

'•~ Y-1 2 112 . / • l) _

Up --- ,[ -~ M-. (1
yM 1 .

The disadvantage to this approach is th3t the circumferential pres-

sure distribution is not readily amenable to integration in a closed form.

However, the pressures can be numerically integrated both circumferentially

and longitudinally.

9
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SECTION V

PROCEDURE FOR CALCULATING BODY FORCES AND MOMENTS

The forces and moments on the separating store are calculated by

integrating the pressure circumferentially and longitudinally on the

surface and ddding a term to account for buoyancy when the store is in

non-uni'form flow. Aft of the point of flow separation. a viscous cross-

flow drag coefficient is used to calculate the forces.

The equations used to determine the forces and moments acting on

the store are:

, fxe f C p(xe) (-sine) r(x) de dX

0 0

s y e) (-cose) r(x) de dX

0. (23)

CM Sep (Xmom - X) Cp (x,o) (-sine) r(x) re '

S0 0-

C•N fsep f(Xmo -X) C (x,e) (-cose) r(x) do dX
• i0 0

" Figure 1 shows the sign convention for theta. The buoyancy contribution

to the forces and moments is given by:

Xe dQy~xl))
C, 2rr r -n(BY• - dx

n(By) SR 2dxs

xI

0

p d(Vx_ r2 Xsp -l ) dxs
CYBY R 0•r x (24)

C•.2• sep W (uW=- )
= 2r fmo 4A x)r 2 dxs dx;

. r(BY) SRR 0

-_- 1O
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sepd(u•_) j (24 Contd)

C r2__ .(x - x)r2 dx dxs
eP mom r-k - SI

N(BY) SR o

From Reference 1, pages 27 and 28.

Potential flow is assumed along the body up to a specified point.

After this point, the forces and moments are calculated using crossflow

drag theory. The equations for the crossflow drag forces and moments are:

2CD s
(CF) SR rw(x_ ) • dx

jep

2CcCF r(Vx] + (W-X) v(x) d x

(CF) R is
2Cn xsep

(C - x) r (yix + (w(x)d

M SR •R OmD 0 "0

4 M(CF)

2CD ( x)'( Cx _ x)x rdxsx

b ]N(CF) S R Z (Xmom-X) r ( +-)
Xsep OD 00 J

from Reference 1, page 29. Guidance is given on page 29 of Reference 1

for determining the point at which separation occurs for bodies in uniform

flow. No generalized formula has yet been devised to determine the flow

separation point on bodies in non-uniform flow fields.
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SECTION VI

PROBLEMS ENCOUNTERED AND RESULTS OBTAINWD BY INTRODUCING
THE SOURCE-UOUBLET METHOD OF CALCULATING

BODY FORCES AND MOMENTS

Method verification proceeded from the relatively simple case of

uni ori, flow to the complex flow-field of a realis,,c aircraft/stores

configuration. Comparisons were made with data from References 7, 8, and

9, to demonstrate the validity and improvement of the basic approach.

Flow-field data as well as force and moment data were used to assess the

method. Free-stream predictions were compared with data at angles of

attack of 20, 40, 60, and 80 at Mach numbers of .25 and .10. The

* •realistic aircraft/stores configuration was built up from a simple wing-

body configuration by the addition of various components, ie. pylon,

rack, stores, and engine inlets. Non-uniform flow-field predictions

were compared with data at 00 and 60 angle of attack at Mach number of .70.

Several check cases were run for the ogive cylinder store (Figure 2a)

in a uniform flow. In implementing this procedure, the first problem

that occurred was negative pressures. By casting the boundary conditions

for the sources in terms of the body slope (see Equation 9) instead of

the body radius, the zero streamline is not necessarily on the body

surface. The use of body slope boundary conditions was found to give

the "best", i.e. smoothest body representation, see References 1 and 3.

No matter what is used as the boundary conditions, the mathematical

models (sources and sinks) are going to produce some waviness in the

zero streamline. The problem is illustrated in Figure 2b. To resolve

this prnblem at each place along the body whtie . ,rface nrpssure was

required, the location of the zero streamlira was ca',culated. The

pressure calculations were then performed on the zero streamline.

Once the method was giving numerical results, several other questions

arose. First, how many singularities are required to give a meaningful

answer? Of course, there is a trade-off between the number of singular-

ities and computational time. To answer this question, runs were made

varying the number of singularities. But before this question could be

resolved, a problem with the loading predictions on thE aft end of the

store was encountered as illustrated in Figure 3. Figure 3 shows the

12
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dCndistributed NORMAL force --di- along the store. Distributed loads obtained

by integrating experlmc~ii~ally measured pressures are indicated by the

points with circles around them. The dashed line shows theoretical

* prediction based on slender body theo~y as given by Equation 46,

Reference 1. The solid lines represent the theoretical predictions

based on the Source-Doublet method presented in this report. Below the

horizontal axis is a silhouette of the store shape for which the

calculatiotis were performed. At the top of t;? figure are the Mach number

and angle of attack for which the calculations were presented. The

second line of the heading gives the number of circumferential segments

the store was brokerk into for pressure calculations and integration in

conjunction with the Source-Doublet predictions. Also on the second

line is the number of singularities used to model the store, i.e. the

number of sources and sinks or doublets. The axial division of the

body was proportional to the body radius. This was found to enhance the

fidelity of the volume modeling (source-sink) of the body in Reference 3.

The control points for both the source-sinks and the doublets were

located midway between the sources on the body surface. The doublets

were located on the body axis at the same longitudinal location as the

control points. The third line is the number of equal length body
segmen~s the store was divided into for the slender body theory

* 1calculations. Just below the header information is the legend for the

various symbols on the plot. To the right of the legend is the integrated
loads and measured loads from a strain-gauge balance inside the model.

The reference area is the store maximum cross-sectional area. The

reference length is the store maximum diameter. The moment reference

center was chosen to be at the store midpoint. The pressure data was

obtained independently of the strain-gauge balance data, so the question

of how pressure lines bridging a balatice affect the load is not a problem

in this data set. The columns are normcl force coefficient (Cn) and

pitching moment coefficient (C Note that the last pressurendata point,

i.e. the point at x =.531 ft, is on extrapolated value. This was done

so Simpson's Rule could be used to integrate the loadings.

13
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Two problems are evident in the aft end loading. The Jump in

loading at x =.43 feet is caused by shifting to the viscous cruss

flow method of predicting forces as prescribed by Equation 50, Reference 1.

* Based on the pressure data, and considering this same behavior was

* ~observed at lcwer Mach numbers and angles of attack, it was decided to
assumie the flow lias attached over the whole length of the body. This

assumption is used for all subsequent calculations in this report.

Although the second problem, a large negative load, in predicting the

loadiny un the aft end of the store is evident in Figure 3, it is shownI
much more graphically in Figure 4, This problem results from the way

the body wike is being modeled. To satisfy the law of conservation of

mass, the body must be closed. In References 1, 3, and 4, it had been

common practice tn- close the bodies by modeling the wake with the same

shape as the nose. This was our initial approach, bujt as can be seen in

Figure 4, the resultant velocities near the aft end of the store were
much higher than experimental results indicate. This problem was

corrected by extending the body one diameter downstream and then closing

it with a wake of the same shape as the nose. Figure 5a is typical of

th loadng produced by extendinq body. Based on the results illustrated

in Figure 5a and the other comparisons in the free-stream at other Mach

numbers and angles of attack. In all subsequent calculations, the wake

is modeled by extending the body one diameter downstream and closing the

body with the same shape as the nose.

*At this point, we are prepared to tackle the question of how many

sources are required to adequately model the loading. As an aside to

this question an investigation into type of integration and the number

of circumferential segments required was also undertaken. Simpson's Rule

and Trapezoidal Rule integration were both tried. It was found that

twenty circumferential segments yielded converged solutions and that for4

twenty circumferential segments either method of integration produced

essentially identical results, see Table 1. The Trapezoidal Rule was
employed, since it was easier to implement, faster and less restrictive

in point spacing. Figure 6 shows a plot of Cn versus the number of

singularifties. It can be seen that in the range of 60 to 70 singularities,

14
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TABLE 1

Cn, Cm, VERSUS NUMBER OF SINGULARITIES

0
Mafh Number - .25 Angle of Attack 8.0

20 Circumferential Segments

T - Trapezoidal Rule Integration

S - Simpson's Rule Integration

Number of CnT C C C

Singularities

50 .26133 .84407 .26136 .84406

58 .26563 .85719 .26566 .85718

69 .26721 .86170 .26724 .86169

86 .26640 .86569 .26643 .86580

98 .26659 .86616 .26662 .86615

15
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the solution becomes convergent for uniform flow. All subsequent cal-

culations assume that the 60 to 70 singularities will yield converged

solutions for non-uniform flow-fields as well.

Figure 5 presents comparisons for Mach numbers of .25 and .70 for

angle of attack of 20, 40, 6V, and 80. These comparisons are for the

ogive-cylinder store, Figure 2, in a uniform flow-field. The pressure

loadings were obtained with a single longitudinal row of pressure taps

in a meridional plane. The model was rotated through 360 degrees in

10 degree increments. Then the pressures were integrated circumferentially

to obtain the running loads that are plotted in Figure 5. The data point

at x = .1386 feet is somewhat questionable. It is clear from the response

4 to angle of attack and Mach numbir that the tap is not plugged. This

problem could be caused by a local imperfection in the bod~y surface or

* maybe a small leak in the pressure line which woule be proportional to

* the pressure at the tap. It appears that the value of DC /DX for this

tap should be reduced in magnitude to conform to the trend of the other
* data points. It is interesting to observe that reducing the value would

degrade the normal force correlation between the pressure and strain-gauge

data in every case presented in Figure 5. The reduction would improve

* ~pitching moment correlation between the two types of data f~or all angles

of attack at Mach number of .25 but only at 8 degrees angle of attack at

Mach number of .70.

*The agreement between the two types of experimental data and theory

* is not as good as hoped for. The location of the center of pressure was

* calculated for both types of data trying to get some insight into the

lack of data to data correlation. In some instances, the variation in

center of pressure, based on the data, was greater than one body diameter.

The disagreement between the two types of data is not understood.

Correlation between either theoretical method and either type of

data was less than excellent. Both theoretical methods correlate better

with the loads obtained by integrating the pressure data. UsuallyI
within 10 percent on normal force and 20 percent on pitching moment.

The Source-Doublet method did predict some lift carry-over on to the body

16
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aft of the nose due to its three-dimensional nature. It appears thet on

the upper surface of the body in the x = .17 to .20 foot range that there

may be some recompressions on the upper surface which is not predicted by

either theory. Of course, Slender Body Theory could not be expected to

predict this, since for uniform flow it degenerates into a term which is

only a function of the rate of change of cross-sectional area. The

Source-Doublet method's pitching moment prediction correlated better with

the strain-gauge data than do the Slender Body Theory predictions. Based

on this and the fact that the normal force prediction of the Source-

Doublet method were nearly as close to experimental values as the Slender

Body Theory it was decided to continue on by using the Source-Doublet

method in conjunctior with Reference 4 to predict loads in the flow-field

of a realistic aircraft/stores configurations.

The end product of this investigation is to try to improve store

trajectory prediction. Store trajectory prediction is a three-faceted

problem: (1) flow-field prediction, (2) force and moment prediction, and

(3) integration of the equations of motion. The first two points are

addressed in this report.

By using the method detailed in Reference 4 to prescribe U(x), V(x),

S(and W(x) in Equations 15, 19, and 21, respectively, the procedures out-

lined in Sections IIT and V can be applied to predict loads in the flow-

fields of realistic aircraft/stores. The method outlined up to this

point has assumed that the flow-field is precisely known, and that the

only problem is developing a method to predict the forces acting on the

store. The flow-fields of real aircraft/stov'es configurations are not

precisely known or predicted. There are many problems with flow-field

measurement and theoretical predictions. With this in mind, both flow-

field and force predictions need to be scrutinized. Wind-tunnel

measured flow-fields offer the principal yardstick to assess theoretical

prediction. Comparison with both flow-field and loading data will be

presented to evaluate the method described in this report.

Figure 7 shows the various model components for which comparisons

are presented. Nl-B2 denotes the wing-body configuration shown in

17
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Figure 7a. P(i/3) stands for the pylon shown in Figure 7b attached to

NI-B2 at the 1/3 %emispan position. TER is the triple ejector rack model

shown in Figure 7c. S2-S3 represent dummy store on the shoulder stations

of the TER. S2 and 53 both have the same shape as the ogive-cylinder

store shown in Figure 2a. (All stores are attached to the TER so the

store midpoint is aligned axially with the rack centerline.) The store

loading plots in Figures 8, 9, 10, and 11 have essentially the same

information on them as presented earlier for the uniform flow-field

comparisons. Some additional information is presented in the form of

ticks on the horizontal axis. From left to right they are: local wing

leading edge, rack nose, pylon leading edge, pylon trailing edge, aft end

of rack, and wing trailing edge These are vertical projections made

perpendicular to the fuselage reference axis down to the store centerline

in the carriage position. The data presented in Figures 8, 9, 10, and 11

are for a longitudinal traverse along the store centerline in the carriage

position. Figures 8 through 11 represent a configuration buildup, i.e.

from a simplistic configuration to a realistic one.

The correlation between the integrated pressure data and the strain-

gauge data for the non-uniform flow-field case presented dre not good.

This is consistent witn what was observed 'or the uniform flow-field cases.

If the pressure data can be used as an indication of what the load

distribution looks like, then as would be expected, the prediction

deteriorates as the configuration becomes more complex. It should be

pointed out again that these predictions are in the most complex part of

the flow-field, i.e. carriagc position. Dix in Reference 10 has found

out that large gradients in loads exist within a few tenths of an inch

of carriage position. Dix also found that extreme fidelity in modeling

the ejector rack hardware influenced captive loads. The loading presented

in Figures 8, 9, 10, and 11 are dependent on the quality of the fIow-field

predictions from Reference 4. In Figures 11c, d, and e, the U(x) and W(x),

predicted by Reference 4 and non-dimensionalized by the free-stream

velocity, are compared to velocities measured in the wind tunnel. The

velocities given by the solid lines were used to make the predictions

presented in Figures lla and b. Figures llc, d, and e show that the

flow-field predictions generally predict the trends of the data but the

18
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magnitude is not well predicted. Flow-field c(,,parisons were made

corresponding to Figures 8, 9, and 10 also. They showed diminishing

agreement between theory and experiment s aircr&ft/stores configuration

became now complete. Other comparisons simil to those presented in

Figures R, 9, 10, and 11, including flow-fielut, were mede and the same

general conclusion that configuration complexity causes agreement between

theory and experiment to diminish. These additional comparisons will be

published as a separate document. One thing that needs to be done that

was not done is to make predictions similar to those shown in Figures Ila

,2 through e as a function of vertical displacement. These types of

comparisons would indicate where flow-field prediction needs refinement

versus refining the method of predicting forces. Based on the lack of

agreement in flow-field prediction indicated in Figures llc through e

and supported by other )mparisons, it was decided to try to improve the

flow-field model in Reference 4.

19

* l ( :0.



AFWAL-TR-8l1-3059

SECTION VII

FLOW-FIELD MODELING EXTENSION

The method of flow-field prediction in Reference 4 acciuuats for

"primary interference" which is defined on page 2 of Reference 1.

* Primary interference which can be termed gross interference effects

and can be viewed as the first term in an iterative procedure. The

primary interference approach fits somewhere in the spectrum between

modeling each component, i.e. fu~selage, wing, and pylon, as though it

was in the free-stream and a full blown panel or inter-active approach

lTere every component influences every other component. This approach

was selected to try to keep the computer resources (both time and core)

down to an economically manageable size. As part of the primary inter-

ference approa-.h, stores adjacent to the separating store (the store on

which loads are to be calculated) and the ejector rack are modeled by

sources and sinks. This models only the volume effect and only for the

free-stream case. The source and sink strengths are calculated for each

individual body in a uniform free-stream. Then these models are

positioned in close proximity to represent the complete aircraft/store

configuration. This procedure is theoretically correct since the govern-

ing equation is the Laplace's equation which is linear, so linear super-

position of solutions is perfectly valid. The method presented in

Reference 4 does not attempt to model the upwash and sidewash caused by

adjacent stores and the ejector rack. In an attempt to improve both the

flow-field and force and moment predictions, a cross-flow model for the

shoulder stores and ejector rack was introduced into the method of

Reference 4.

Essentially the doublet equations described in Section III were used

to generate a model of the cross-flow produced by the bodies that are in

close prnximity. Doublets were placed in the horizontal and vertical

direction along the axis of each store and the ejector rack similar to the

way they were used for the separating store in Section III. The computer

program of Reference 4 was modified to allow the whole configuration

(except the separation store whose cross-flow is being modeled) to
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contribute to V(x) and W(x) in Equations 19 and 21, respectively. Once

the horizontal and vertical doublet strengths were determined, then their

contribution given by Equations 18 and 20 could be added to U(x), V(x),

and W(x) in Equations 11, 19, and 21 to account for the cross-flow

induced on the separating store.
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SECTION VIII

COMPARISONS USING THE EXTENDED FLOW-FIELD MODEL

In November 1979, the Air Force Flight Dynamics Laboratory and the

Naval Weapons Center sponsored a test at Arnold Engineering Developmert

Center to study the mutual intcrt.rence associated with the carriage of

three MK-83 bombs on a TER undei- the left inboard pylon on the F-4C

Saircraft. This wind tunnel test is documented in References 11 and 12.

Comparisons between theoretical prediction and wind tunnel data of force

and moment coefficients are presented as a funut.ion of vertical distance

from the carriage position. The aircraft configuration consisted of the

F-4C, see Figure 12, and the left inboard pylon (denoted PI on the

comparison plots), see Figure 13, and the TER shown in Figure 14. Some

configurations will have duinmy stores on the shoulder stations. The

dummy stores shape is labeled "actual configuration" in Figure 15. The

"actual configuration" had to be modified in the aft end to accept the

balance and sting. The modified afterbody is also shown in Figure 15.

The suffix MU after MK-83 on the comparisons indicates modified after-

body-unfinned, while MF denotes modified afterbody-finned. The method

described in this report only predicts forces acting on the body. The

method described in Reference 1 is used to predict the fin forces.

However, velocities induced by the doublets of adjacent stores and the

ejector rack were included in the fin force calculations.

After the computer coding associated with the flow-field model

extension described in Section VII had begun the Flight Control Division

of the Air Force Wright Aeronautical Laboratories decided to discontinu..-
work in the area of store separation prediction. The comparisons

presented here are not to the detail needed for thorough method

evaluation. The results are only to illustrate 'that the coding is

working, hopefully correctly, and possibly provide the foundation for

someone else to continue thi•; investigation.

All comparisons presented iil this section are for a Mach number of

0.60. One of the main purposes of the effort described in this report is

to include compressibility. For a thorough method evaluation comparisons

22
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mus bemad athigher Mach numbers. Data was taken at various Mach

numbers during the test described in Reference 12. The main variables in

the comparisons presented here are parent aircraft configuration and angle

of attack. The group number oeahfigure can be used in conjunction

with Reference 12 to fully define all test parameters.

Figures 16, 17, and 18 present results for a given configuration at

angles of attack of 1, 5, and 9 degrees respectively. The configuration

consists of the F-4C with a TER rack mounted on the left inboard pylon.

A modified afterbody MK-83 is moved vertically (perpendicular to the

aircraft waterlines) through the aircraft flow-field from its carriage

position, i.e. ZP/D, to a vertical distance equal to 6 diameters

below the carriage position. The first data point is not at exactly

ZPID=O.O because of mecharical interferences associated qith the test

hardware. The configuration used for comparisons is the least complex

configuration tested for which the method in Section VII would be

dpplicable, i.e. if the method does not show some improved prediction

capability for this case, provided the flow-field predicted by

Reference 4 and Section VII is reasonable then the method should be

scrapped. The legend for the various symbols on the plots are given in

the upper right-hand corner of each plot. The dots with circles around

them are data. SBT stands for slender body theory which denotes the

application of the method of Reference 4 unmodified. S.D. stands for

Source-Doublet and is used to denote the application of the method outlined

in Sections III and IV in conjunction with the flow-field model of

Reference 4. The suffix CFLOW indicates application of the two previously

descri bed methods for force and moment prediction with the addition of the

cross-flow modeling described in Section VIAI to the flow-field modeling

of Reference 4.

In all three applications, Figures 16, 17, and 18, the Source-Doublet

method improved the correlation between predicted and measured moment

coefficients (both pitching and yawing moment) over slender body theory

as described in Reference 4 with or without the flow-field modeling of

Section VIII. For yawing moment, the Source-Doublet method with cross-

flow 1modeling of Section VII gave the best correlation between theory
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and experiment of all four of the methods. The Source-Doublet method

without the cross-flow model gave the best prediction for pitching

moment. A substantial improvement in bcth pitching and yawing moment

coefficient prediction is obtained by applying the methods of Sections III,

IV, and VII in conjunction with Reference 4 over using Reference 4 alone.

Adding the cross-flow model does not necessarily improve the Source-

Doublet, predictions as indicated in F~gures 16b, 16d, and Figure 17b.

The Source-Doublet method with and without the cross-flow model slightly

degrades the force coefficient predictions shown in all three figures

(16, 17, and 18). Including the cross-flow model has little effect on

the slender body theory predictions.

In Figure 19, the cross-flow model contribution to the flow-field

was terminated at ZP/D=2.0. From Figures 16, 17, and 18, it can be seen

that the cross-flow contribution to the prediction is very small below two

store diameters. Figure 19 is for the most complex TER loading, i.e.

two shoulder stores with fins are present. The angle of attack of

parent aircraft Is 5.0 degrees. The Source-Doublet method with cross-flow

model does an outstanding job predicting yawing moment, see Figure 19d,

and does a good job predicting normal force, Figure 19a. Pitching moment

and side force predictions are both poorly predicted.

Figure 20 presents results for a finned modified after body store and

one shoulder store on the ejector rack. The shoulder store has fins and is

on the outboard station of the rack. The fins on the shoulder store cannot

be modeled by the method described in Reference 4. This configuration is at

5 degrees angle of attack and is of intermediate complexity, i.e. it is less

complex than the one used to calculate the results presented in Figure 19,

but more complex than the one used for compariscns in Figure 18. As was

mentioned earlier, the methods presented in this report cannot predict fin

forces. Therefore, the increment in force due to the fins predicted by

Reference 4 has been added to the body forces predicted by the m~ethods

describi'd in this report to obtain the total forces acting on the store.

For the force prediction all four methods yielded essentially the same

prediction. Normal force predictions are good, but side force predictions

leave a little to be desired. The Slender Body and Source-Doublet methods
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both give excellent agreement with experiment when the cross-flow model isI

included in the flow-field predic'tion method. The Source-Doublet ti~ethod

shows very good agreement with the yawing moment data both with and with-

out the cross-flow model. Slender Body theory gives very poor prediction

* of the yawing moment.

Figure 21 is for the most complex configuration for which data in the

joint Air Force/Navy test. The F-4c is at 5 degrees angle of attack with

two finned stores on the shoulder station of the ejector rack. The Source-

Doublet theory with the cross-flow model shows excellent agreement with

the experimentally measur~d normal force. Agreement within the first two
diameters below the carriage positio, for pitching moment is poor for allI
four methods with Slender Body theory being slightly better than the

Source-Doublet predictions. Side force prediction is poor for all four

methods. Again the Source-Doublet method does a very good job of predict-

ing the yawing moment, certainly much better than Slender Body theory.

In all comparisons, which include several not presented, the yawing

moment prediction was consistently well predicted by the Source-Doublet

method.
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SECTION IX

CONCLUSIONS

The Source-Doublet method presented here has shown enough potential

to warrant further investigation. The flow-field prediction of Reference 4,

with the method described in Section VII, nee±ds to be studied. Flow-field

data from che joint AFFDL/NWC test, References 11 and 12, could be used.

The method seems to consistently predict moments better than forces.
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Figure 3. Short Wake Model Separation at .9 x/z
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0Figure 4. Short Wake Model Separation at 1.0 x/P
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MACH NO. = .25 ALPHA = 2.0
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Figure 5. Long Wake Model Separation at 1.0 x/t(Contd) (a) Alpha=2 0 Mach Number=.25
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Figure 5 (Contd). Longq Wake Model Separation at 1.0 x/9.

(b) Alpha=40 Mach Number=.25
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tMACH NO. .25 ALPHA 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMENTS FCR S. B. THEORY 40

CN CM

PRESSURE DATA .192 .626

SOURCE-DOUBLET .202 .651I S. B. THEORY .215 .716

SIRAIN-GAUGE DATA .254 .586

0

0

t \ I

U

CD

z

II

0

"".00 008 0.17 0.25 0.33 0.42 0.50
X.FEET

Figure 5 (Contd). Long Wake Model Separation at 1.0 x/x

(c) Alpha=6 0 Mach Number=.25
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MACH NO. .25 ALPHA 8.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40

CN CM

PRESSURE DATA .291 .823

SOURCE-DOUBLET .261 .863

S. B. THEORY .287 .553

STRAIN-GAUGE DATA .358 .682

C3

U0

ic

1

21i

F g r 5" (C __d) Lon Wak Mo e Se a at o at 1.

0"

o34
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MACH NO. .70 ALPHA 2.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40

CN Cm

* • • PRESSURE DATA .072 .154

SOURCE-DOUBLET .066 .216

S. 8. THEORY .072 .239

STRNIN-LiAUGE DATA .090 .177

,!3

* 0

ca

- x

0;

z

'0.00 0:08 0.17 0.25 0.33 0.42 0.50
X.FEET

Figure 5 (Contd). Long Wake Model Separation at 1.0 x/x

(e) Alpha=2 0 Mach Number=.70
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MACH NO. .70 RLHRA 4.0

NO. CIRCUflFERENTIAL SEGMIENTS 20 NO. OF SINGUJLARITIES 65

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40I,
CN Cm

* * * PRESSURE DATA .156 .330

SOURCE-DOUBLET .132 .430

S. B. THEORY .144 .410

STRAIN-GAUGE DATA .173 .387

-" !-

0

03.0

00

'0.00 0.06 0.17 0.25 0.33 0:.49 -0".50

Figure 5 (Contd). Long Wake Model Separation at 1.0 x/t

(f) Alpha=40 Mach Number=.70
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MACH NO. .70 ALPHA = 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL 6EGMENT6 FOR S. B. THEORY 40

CN Cm

PRESSURE DATA .214 .560

SOURCE-DOUBLET .197 .643

S. B. THEORY .215 .716

STRAIN-GAUGE DATA .263 .571

.C!.

0

'0.00 0.0 0.17 0.25 0.33 0.42 0.50
X.FEET

Fiqure 5 (Contd). Long Wake Model Separation at 1.0 x/z
- (g) Alpha=6 0 Mach Number=.70
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MACH NO. .70 ALPHA 8.0

NO. CIRCUMFERENTIAL SEG! NTm 20 NO. OF SINGULARRIIES 65

NO. LONGITUDINAL SEGMENT6 FOR S. B. THEORY 40

CN Cm

i * F PRESSURE DATA .306 .772

SOURCE-DOUBLET .261 .852

S. B. THEORY .280 .953

STRAIN-GAUGE DATA .338 .767

0

.4

o

a 11'"

C! I.

S. .__ _ _ _ _ _ _ _ _ __. -_

0.00 0.08 0:17 0.f5 0.33 0.49 0.s0
X.FEET

Figure 5 (Concluded). Long Wake Model Separation at 1.0 x/t

(h) Alpha=3 0 Mach Number=.70
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0.40

0.30 0 0

C 0n

0.20

Mach no. .25

Alpha = 8.00

Tra-pc^cidal rule inte-
0.10

gration longitudinally

and circumferentially

20 circumferential segments

0.00
35 45 55 65 75 85 95

Number of singularities

Figure 6. C as a Function of Number of Singularities
n

39
¾



AFWAL-TR-81-3059

Fuselage Ordinates

X/I f r/I f
0 0
0.0328 0.0091
0.0657 0.0171
0.0986 0.0241

13.4 0.1315 0.0300
0.1643 0.0350
0.1972 0.0390
0.2301 0.0421
0.2629 0.0443
0. 2958 0.0453
0. 3200 0. 0457

0.7534 0.045710 0.7669 U. 0454I 0.7998 0.0438
0.8326 0.0418

0.8655 0.0395
0 0.8984 0.0372

0.9313 0.0349S36.51• / --• •• • ~1.0000uatror002
0.9641 0.0326

36.51 1.0000 0.0302

9.23

Quarter
chord

I

/9I

Figure 7. Wind-Tunnel Models Used in Sample Calculations i
(a) Wing-Fuselage Combinationro
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0.25

All dimensions
in inches

Upper surface
* 4 contoured to

fit wing or
fuselage

T
0.78

7 Pylon

.1
For wing lylons, pylon centerline located at

40% wing chord.
I For fuselage pylon, pylon centerline located

19.43 inches aft of fuselage nose.

Figure 7. Wind-Tunnel Models Used in Sample Calculations= (Contd)(od (b) Pylon Used With Single Store and

Triple EIjector Rack (TER)
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PARENT CONFIGURATION N1-82 ZI=ZERO

MACH NO. .7"n ALPHA = 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 66

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40

CN CM

So PRESSURE DATA .062 -.147

SOURCE-DOUBLET .060 .01,1

S. B. THEORY .058 .010

STRRIN-GAUGE DATA .043 -. 094

61A

X

z

to)

-- i

I -I ,I I
'0.00 2.06 4.00 o .00 o e.0oo ib. oo I .00

XFEET

Figure 8. Wino-Body Forces and Moments (a) dCnl/dx vs x
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PARENT CONFIGURATION NI-82 ZI=ZERO

MACH NO. .70 ALPHA 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULRRITIES 66

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40

CY CN

* PRESSURE DATA .072 -. 393

SOURCE-DOUBLET .058 -. 254

S. B. THEORY .015 -. 420

STRAIN-Gf'iLE DATA .034 -. 373

C0

0e

Mc,

'0. 00 2' .00 4.00 6,00 8.00 15.00 110
XIIFEET

Ficiure 8 (Concluded). Wingj-Body Forces and Moments (b) dCY/dx vs x
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PARENT CONFIGURATION N1-92,-P(1/3) ZI=ZERO

MACH NO. .70 ALPHA = 6.0

NO. CIRCUMFE.RFNTIAL SEGIENTS 20 NO. OF SINOULARITIES 66

NO. LONGITUDINAL SEOfGENTS FOR S. B. THEORY 40

CN CMl
0 PRESSURE DATA M C087

_: OURCE-DOULBLET .074 .023

S. B. THEORY .070 .012

STRAIN-GAUGE DATA . 19 -. 147

oJ "
A

X

0o' 00 2.00 4.00 6'o0 8'.0o lb.oo lk.00
X,FE_.ET

Figure 9. Wing-Body-Pylon Forces and Moments
L• ~dCn/dI(a) /xvs x
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PARENT CONFIGURATION N1-82-PF(/3) ZI=ZERO

MACH NO. = .70 ALPHA 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMENTS FOR S. B. THEORY 40

CY CN

e PRESSURE ORTA -. 068 -. 404

SOURCE-DOUBLET -. 024 -. 333

S. B. THEORY -.070 -.501

STRAIN-GAUGE DRTA -.119 -.440

X

F,3

•0 0 4.0 60 0,0 e -,irb...'•D i.0

S-4

4.46

,L o
• t I

S~Figure 9. Wing-Body-Pylon Forces and Moments

(Concluded) (b) dCy/•x vsx
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PARENT CONFIGURATION NI-B2-P(l/3)-TER ZI=ZERO

MACH NO. = .70 ALPHA = 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMENTS FOR S. 0. THEORY 40

CN CM

e eo PRESSURE DATA .1A2 -. 020

SOURCE-DOUBLET .087 .294

S. B. TH.ORY .082 .287

STRAIN-GAUGE DATA .025 .038

0

V

0

0
C4

X0

t -

U0

0
, I I

C; y e11l

0.00 2.00 4.00 6.00 8.00 10.00 12.00
X.FEET

Figure 10. Wing-Body-Pylon-TER Forces and Moments

(a) dCn/ dx vs x
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PARENT CONFIGURATION N1-82-P( 1/3)-TER Zl:.ZERO

MACH NO. L-. .70 ALPHA 6.0

NO. CIRCUMPERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGMIENTS FOR S. B. THEORY 40

CY CN

o o PRESSURE DATA -.181 -.290

SOURCE-DOUBLET - .012 - .292

S. 0. THEORY -.045 -.410

STRAIN-GAUGE DATA -.281 -.317

* 0j

C2 0

C3C

U Cý

co

Co 20 .0 60 80 00 20

X'FEI

igr 10IigBd-yo-ERFre n oet
tconcuded

0d

(b t.xv

'o~co 2.0 4.0 600 500 I.0b 2.0



AFWAL-TR-81-3059

PARENT CONFIGURATION NI-82-P(1/3)-TER-62-63 ZI=ZERO

MACH NO. = .70 ALPHA 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINGULARITIES 65

NO. LONGITUDINAL SEGME TS FOR S. B. THEORY 40

CN CM

• e o PRESSURE DATA .352 -. 514

SOURCE-DOUBLET .304 .547

S. B. THEORY .252 .413

STRAIN-GAUGE DATA .314 -. 503

.44

xe

0

!N

°0

* -

Do S

•0 I , I I ,I I I
'0 .00 2.00 4.00 6.00 8.00 10.00 12.00

Figure II . Wring-Igody-Pylon-TER-Shoulder Stores Forces and Moments andFlow-Field Data (a) dCnvdx vs x
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PARENT CONFIGURATION NI-BZ-P(1/3)-TER-62-63 Z1=ZERO

MACH NO. .70 ALPHA 6.0

NO. CIRCUMFERENTIAL SEGMENTS 20 NO. OF SINOULRRITIES 65

N:, L'. :fUDINRL SEGMENTS FOR S. B. THEORY 40

CY CN

0 PRESSURE DATA -.045 -. 484

SOURCE-DOUBLET -. 009 -. 292

- S. B. THEORY -. 042 -. 416

"STRAIN-OAUGE DATA -. 158 -. 535

C3

cU,m

ar
0r

x0

U 3

- •3 -

- Ij

a

)- _ l I I

I • IS

'0.00 2.00 4.00 6.00 8.00 10.00 12.00
X. FEET

j < I

riguvx? 11. Wing-Body-Pylon-TER-Shoulder Stores Forces and Moments and

(conta)Flow-Field Data (b) dCy /dx vs x
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PARENT CONFIGURATION N1-B2-P(1/3)-TER-62-63 ZI-ZERO

M1ACH NO. = .70 ALPHA 6.0

* o * FLOWFIELD DATA

FLOWFIELD PREDICTION

0•

C;

®S

cbo .00 4.00 ro .0 .00 10.00 11.00
X. FEET

S "

Fi ure 11. Wing-Body-Pylon-TER-Shoulder Stores Forces and Moments and
?Clontd)

Flow-Field Data (c) u Flow-Field Velocity
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PARENT CONFIGURATION NI-82-P(1/3)-TER-62-63 ZI=ZERO

MACH NO. = .70 ALPNA 6.0

• * , FLOMFIELD DATA

FLOMFIELO PREDICTION

0

0

CS1

o 0 S

2 C

S00

•S 2

I p 4

0 I

'0. LJO 2.0O0 4.0O0 6.00 8.0O0 10.0O0 12.00

X. FEET

Figure 11. Wing-Body-Pylon-TER-Shoulder Stores Forces and Moments and
(Contd)

Flow-Field Data (d) v Flow-Field Velocity

52



AFWAL-TR-81-3059

PARENT CONFIGURATION NI-82-Pt1/3)-TER-52-63 ZI=ZERO

MACH NO. .70 ALPHA 6.0

e • e FLONFIELO DRTR

FLOWFIELO PREDICTION

r3

ci

I! C!

0eve

CD 0

• U,

o; J ! I ,I

'0.00 2.00 4.00 6.00 8.00 10.00 12.00
X. FEET

Figure 11. Wing-Body-Pylon-TER-Shoulder Stores Forces and Moments and
(Concluded)

Flow-Field Data (e) w Flow-Field Velocity
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_________________________________________-WL 

-0.00

EL-11. 560-

q OUTBOARD
PYLON

BL6. 6 25/ -.

INBOARD0

PYLON 51.40 1.

K BL 4. 07 5

ALL STATIONS IN INCHES BL 11. 560

WING HAS 120 DIHEDRAL OUTBOARD

OF EL 8.000

Figure 12. F4-C Aircraft Model
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FS 16.03 BL 6. 625
S5.220 BL .5

WING 1.Oo00 ,, 14-N---CHORD. &, .-

SUSPENSION POINT 7.5•

(a) Outboard pylon.

FS 11. 5550

BL 4.075
S0a

1.0° 0.q050R " _--

WL T.917L0a w -k 250
S•-03,-FWD 

14-3IN
1. 279• SUSPENSION POINT

(b) inboard pylon.

LOWER FUSELAGE

FS 15.67 CNOR BL 0. 000

FuWL 3 F4Pnoe

* 25
0. 47\3 \FWD 30-IN

SUSPENSION POINT

ALL DIMENSIONS IN INCHES

(c) Center pylon.,

"--•'•iFigure 13. F4-C Pylon Models
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*0. 681

"*-0. 366

-255 0 0

95 -39' 45

3. 8196

-~ -10.6 552
(a) Actual configuration.

.98

0-.36 0. 470 D

ALL DIMENSIONS IN INCHES

(b) Configuration modified for sting support.

Figure 15. Finned MK-83 Bomb Model
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t GROUP 232
0

e a eORTR

0

S,,...,_mS T CFLOW

v,__S. O. C F L WI

0

* 0

* 0

IN

S0 .0 0 SO 00

Figure 16. F-4C-Inboard Pylon-TER Loads at Alphastore= 00 with the

Modified Unfinned MK-83 (a) C n vsZp/D
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GROUP 23Z

* DATA
*- ._.SB T

S 8 T CFLOW

, S.0. CFLOW
a

a"

a

P"

'000 1.00 Z.0O0 ;.00 4.00 5.00 6,00
ZPID

F-4C, I? I , TIK-83, MU

F1gure~l6. F-'.C-Inboard Pylon-TER Loads at Alh wit0th

o•ntd) Phastore=wt h

Modified Unfinned MK-83 (b) C m vs Zp/D
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a. GROUP 232

° .... .. . -SB T

. *=a._SSB T CFLON

,,.,_.S. . CFLOW

.4 ¶

soa.

d do
ia

-1 -
Ia

* I

0.00 1:00 .oo 3.00 4.00 5.00 6.00

ZP/D

F-4C.PI , T MK-83, MU

figure 16. F-4C-Inboard Pylon-TER Loads at Alphastore =O° with the
lodified Unfinned MK-83 (c) Cy vs ZplD
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GROUP 232aDq~

a

CI!

- Ij

1.00 Z..0O-0 
4.00 o .0

F~ 4 c.II T 
?¶-8 3 , M lu

~Fiure 16. F- 4C- Ifboard YlnTRLoads 
at Alph 

w0h0h"jModifpid Unffinned MK-83 (d) Ck v Zsore'ý Wt h

61



I

AFWAL-TR-81-3059

f GROUP 233

* . ORTRq

°,_ 1-KSB T CFLOW

,_,_,S. 0. CFLOW
qa

zo-

L)

IC2

* a0

N
C,

C.00 1.00 2.00 3.00 4.00 5.00 6.00

F-4C. P . T MIK-83. MU

Figure 17. F-4C-Inboard Pylon-TER Loads at Alpha store=40 with the

Modified Unfinned MK-83 (a) C n vs Zp/D
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GROUP 233
* £RTR

*-~-"SB T CFLOW
o 

'- S-0S . C PLO H

......

Izc 3 00 .0 5.00 6 0
F.-4C, PI T1K83l

Fýi9ure 17 F-4C Inboard PYlon-TER Loads at Alpha 
vtte

"HOlified Uflfinned MK-83 (b) C sz
PIDs
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GROUP 233

,, * .DRTRq

SSOT

*W.iSBT CFLOW

® , OS. 0. CFLOW

" Ii

c.a 10:00G 2:0cc 3:00 4.00 5.:00 6.00

F.-4C P I .T MIS--83. MU

F~gre 17. F-4C-Inboard Pylon-TER Loads at Alpha store 
4 * with the

ontd

Modified Unfinned MK-83 (c) Cvs ZP/
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GROUP 233
a;

a a DRTR

C,'

-0

0.CO 1.00 2.00 3.00 1.:00 5.CO 76.00

F-4C, PI D T MKi-83, MU

Figure 17. F-4C-Inboard Pylon-TER Loads at Alphastre-40 with the
(Coclued)Modified Unfinned MK-83 (d) i,,n vs Z P/D
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"GROUP 234

• O ,DTA

O= ._,,,..q•SB T

._.,_... D.

S B T CFLOW

,,-,..,.S.O. CFLOW
a
tej

,N

F-CP3T.-8 .M

n P/

6"6

S11

F-4C, PI.,T MK-83, MU

Figure 18. F-4C-Inboard Pylon-TER Loads at Alphastre8° with the

Modified Unfinned MK-83 (a) Cn~ vs Zp/D
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G9OUF 234

* .ORTA

6, ~ ~ ~ ~ * S 0. **** CFLOW

C;,

Ni

'0.00 1.00 .00 3.00 4.00 5.00 5c6.00

F-4CPI.T MK-03. MU

Fiqure 18. F-4C-Inboard Pylon-TER Loads at Alphastr=80 with the

(Contd) Modified Unfinned MK-83 (b) c z vs Zm P/D
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00

" GROUiu Z34
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S0 ,

* p

0

zo~

Figure 18. F-4C-Inboard Pylon-TER Loads at Alphastre80 with the
(Contd)str

Modified Unfinned MK-83 (c) C , vs Zp/

Y ,,/,
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GROUP 234

0~ 
*RT~

C;

C2'

'0.00 1.00 t.00 3.C0 4.00 5.00 6.00

F-4C PI T 
i-3 fU

Figue 1. F4C-Inboard pylon-TER Loads at Alphat =r80 with the

(Concluded) Modified Unfinned MK-83 (d) C vs ZP/
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0 GROUP 241

e ORTR0 S

S~~~ .•.S T

SSB T CFLOW

0 6, .0 CFLOW

C.

L o

,3

Ob,0 1.00 2.00 3 00 4.00 5.00 61.00
ZP/.

SF-4C,PI,T, (S2)F,(S3)F MK-83,MU

•j Figure 19. F-4C-Inboard Pylon-TER-2 Finned MK-83 Shoulder Stores

SLoads at Alpha store 4°0 with the Modified Unfinned MK-83
j (a) Cn vs Zpi
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•. ". • " •GRoOUP 241

C3

o8 T

S - 0.

92 °._U_ 4SB T CFLOW

0.. CFLOW

3 0

C)

0

40

0.00 1.00 2 .00 .00 4.00 5:00 6.00ZF/O

F-4C.PIT,(S2]F,(S3)F M1-83.MU

FiI rge)19, F-4C-Inboard Pylon-TER-2 Finned MK-83 Shoulder Stores

Loads at Alpha =4 with the Modified Unfinned MK-83

(b) Cx m vs ZP/D
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0

06 -GROUP 241
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0
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0(0

* o

'0.00 1.00 2.00 3.00 4.00 5.00 6.O0

F-4CPI, T, ($2)F. { 3 )F MK•--3,ft 
i

Fi(VurAdj9 F-4C-Inboard Pylon-TER-2 Finned MK-83 Shoulder Stores40
Loads at Alpha store=4  with the Modified Unfinned MK-83

(c) C vs ZP/D
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Qcm GROUP 241
S, , ,DATA

* 0iCý - ,_SB T
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C3 - 4DS B T CFLOW

C3 0--S.0 CFLOW

to

' 0

p..-

0.0o . 00 ,.00 zo 3.00o 4'.00 5.00 6.00
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-•F-4C.PI.T. (S2)F. (S3)F MK-B3.MU

i~iourTed19 F-4C-Inboard Pylon-TER-2 Finned MK-83 Shoulder Stores

Loads at Alphastore: 4  wit,, the Modified Unfinned MK-83

(d) C ri vs Zp/D
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cm GROUP 284
e * .OTR

a~ . 0.

D 0-

40
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F-4C,PI.,T4S2)F tIK-83.tlF

Fi( ure 20. F-4C-Inboard Pylon-TER-Finned MK-83 at TER Station
(untd)

ZLoads at Alpha storeS 5 with the Modified Finned MK-83

(b) C9,m vs Z P/D
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